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Abstract 17 
 18 
Infrared and Raman spectroscopy have been used to characterise synthetic 19 
mixed carbonate and vanadate hydrotalcites of formula Mg6Al2(OH)16(CO3)2-,(VO4)3-20 
.4H2O. The spectra have been used to assess the molecular assembly of the cations 21 
and anions in the hydrotalcite structure. The spectra may be conveniently subdivided 22 
into spectral features based (a) upon the carbonate anion (b) the hydroxyl units (c) 23 
water units. Bands are assigned to the hydroxyl stretching vibrations of water. Three 24 
types of carbonate anions are identified (a) carbonate hydrogen bonded to water in the 25 
interlayer (b) carbonate hydrogen bonded to the hydrotalcite hydroxyl surface and (c) 26 
free carbonate anions. It is proposed that the water is highly structured in the 27 
hydrotalcite as it is hydrogen bonded to both the carbonate and the hydroxyl surface. 28 
The spectra have been used to assess the contamination of carbonate in an open 29 
reacting vessel in the synthesis of a vanadate hydrotalcites of formula 30 
Mg6Al2(OH)16(CO3)2-,(VO4)3-.4H2O. Bands have been assigned to vanadate anions in 31 
the infrared and Raman spectra associated with V-O bonds. 32 
 33 
Key Words: carbonate, LDH, hydrotalcite, infrared spectroscopy, Raman 34 
spectroscopy, vanadate, structured water 35 
Introduction 36 
 37 
Hydrotalcites are natural minerals based upon a brucite structure in which the 38 
divalent cation (Mg+) is replaced with a trivalent cation such as Al3+, resulting in a 39 
positive charge on the brucite-like surface 1-3. Hydrotalcite-like compounds, which are 40 
also known as layered double hydroxides (LDH’s), are anionic clays that are 41 
composed of positively charged hydroxyl layers [MII1-xMIIIx(OH)2]x+, with interlayers 42 
containing anions, most commonly the carbonate anion, and water to provide overall 43 
charge neutrality. Hydrotalcites are given the general formula [M2+(1-x)M3+ 44 
x(OH)2][An-]x/n.yH2O, where M2+ and M3+ are the di- and trivalent cations in the 45 
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octahedral positions within the hydroxide layers with x normally between 0.17 and 1 
0.33 4-6. An- is an exchangeable interlayer anion, which can be either organic or 2 
inorganic and indeed in practice is often a mixture of anions. An important property of 3 
hydrotalcites is its ability to exchange anions for others in the interlayers of the 4 
hydrotalcite. 5 
 6 
Hydrotalcites can be considered to be a large cation which is counterbalanced 7 
by anions in the interlayer. A large variety of anions can be incorporated into the 8 
interlayer region of LDH’s using a range of methods: (1) anion-exchange; (2) co-9 
precipitation; (3) rehydration of a calcined LDH, and (4) thermal activation reaction. 10 
This investigation utilised the co-precipitation method. Hydrotalcites intercalated with 11 
other anions such as phosphate, molybdate, vanadate have been synthesised 7-9. 12 
 13 
The synthesis of LDH’s with anions other than carbonate must be carefully 14 
prepared to avoid contamination. The carbonate anion is readily incorporated and 15 
tenaciously held in the interlayer, and therefore creates problems when LDH’s are 16 
synthesised to produce carbonate free LDH’s. This can be overcome using a sealed 17 
system operating under a nitrogen atmosphere. Any water used in the synthesis of the 18 
hydrotalcites also needs to be boiled prior to use. The high affinity of the carbonate 19 
anion has been a main factor for it being a major counter anion for hydrotalcite. The 20 
abundant concentrations of carbon dioxide (CO2) present in the atmosphere can 21 
contribute to carbonate concentrations present in solutions. Carbonate can also be 22 
introduced into the system through water, therefore boiling of water is essential in all 23 
preparation stages, as well as conducting the reaction under a purged nitrogen 24 
atmosphere.  The synthetic hydrotalcite prepared in this investigation was performed 25 
in atmospheric conditions and the water used was not boiled to determine the degree 26 
of contamination of carbonate from the surroundings during the co-precipitation 27 
synthesis of Mg6Al2(OH)16(CO3)2-,(VO4)3-.4H2O. 28 
 29 
Anion affinity in LDH’s interlayers has been found to be based on the size of 30 
the ion and its associated charge. Monovalent anions have lower affinities then 31 
divalent anions and are therefore more likely to precipitate in anion exchange 32 
reactions. The ease of exchange of monovalent anions is in the order OH- > F- > Cl- > 33 
Br- > NO3- 10. Divalent anions such as SO42- and CO32- have higher selectivity than 34 
monovalent anions. Therefore, the most suitable LDH for anion-exchange syntheses 35 
are those that have nitrate anions in the interlayer due to its relative ease of exchange. 36 
In the work done by Howard Smith 8 in situ adsorption of vanadate and molybdate in 37 
synthetic hydrotalcites, reported that the size of the molybdate ion was physically too 38 
big to fit between the layers, and hence had a low adsorption affinity.  39 
 40 
The purification of Bayer refinery process streams through the addition of magnesium 41 
compounds can produce a variety of layered double hydroxides, one of which is 42 
hydrotalcite. For the full understanding of the formation of hydrotalcite produced 43 
under these conditions, hydrotalcites were synthesised in the laboratory to simulate 44 
the conditions used in the real world. Synthetic representatives of the hydrotalcites are 45 
required for the determination of the species involved in its formation as well as to 46 
provide an understanding of the intercalation abilities of the theoretical hydrotalcite so 47 
that a comparison can be made between samples. One of the aims of the investigation 48 
was to analyse the effect of carbonate on the intercalation of vanadate anions into the 49 
 3
hydrotalcite structure.  The results of the work will be used for further investigations 1 
on the mechanisms involved in the formation of hydrotalcite.  2 
 3 
The study of minerals, including hydrotalcites, by Raman spectroscopy has proven to 4 
be very useful, 11-17. Indeed Raman spectroscopy has proven most useful for the study 5 
of diagentically related minerals as often occurs with hydrotalcite minerals 14,16-18.  6 
Some previous studies have been undertaken by the authors using Raman 7 
spectroscopy to study hydrotalcites 14,16-18.  Spectroscopic studies, especially Raman 8 
studies, of hydrotalcites are limited especially where large anions are involved. The 9 
aim of this paper is to present Raman and infrared spectra of the devised hydrotalcites 10 
with vanadate in the interlayer.      11 
 12 
Experimental 13 
 14 
Synthesis of hydrotalcite samples 15 
 16 
Hydrotalcites can be synthesised in the laboratory using analytical grade 17 
chemicals. The reason for using synthetic compounds as opposed to the natural 18 
minerals are that difficulties associated with multiple anions in the interlayer can be 19 
minimised, and allow for trends and characteristics to be more readily determined. 20 
The hydrotalcites were synthesised by the co-precipitation method. Two solutions 21 
were prepared, solution 1 contained 2M NaOH and a combination of Na2CO3 and 22 
NaVO3 to give a concentration of 0.2M, and solution 2 contained 0.75M Mg2+ 23 
(MgCl2.6H2O), together with 0.25M Al3+ (AlCl3). Solution 2 was added at a steady 24 
rate to solution 1 drop wise, under vigorous stirring. A peristaltic pump was not used 25 
in the synthesis of these hydrotalcites. Instead a separating funnel was used to deliver 26 
solution 2 to solution 1. The precipitated compounds were thoroughly washed at 27 
ambient temperature with ultra pure water to remove any residual salts. 28 
Concentrations of Na2CO3 and NaVO3 are given below for the three hydrotalcites 29 
synthesised: 30 
Syn-HT-CO3:       0.2M Na2CO3 31 
Syn-HT-CO3, V:   0.1M Na2CO3 and 0.1M NaVO3 32 
Syn-HT-V:             0.2M NaVO3 33 
The synthesised hydrotalcites were analysed for elemental composition using EDX 34 
techniques, for phase composition using X-Ray diffraction and for molecular structure 35 
using infrared and Raman spectroscopy.   36 
 37 
X-ray diffraction 38 
 39 
X-Ray diffraction patterns were collected using a Philips X'pert wide angle X-40 
Ray diffractometer, operating in step scan mode, with Co Kα radiation (1.78897Å). 41 
Patterns were collected in the range 3 to 75° 2θ with a step size of 0.02° and a rate of 42 
30s per step. Samples were crushed into a powdered form. 43 
 44 
Raman  spectroscopy 45 
 46 
The crystals of hydrotalcite were placed on the stage of an Olympus BHSM 47 
microscope, equipped with 10x and 50x objectives and are part of a Renishaw 1000 48 
Raman microscope system, which also includes monochromators, a filter system and 49 
 4
a Charge Coupled Device (CCD). Raman spectra were excited by a HeNe laser (633 1 
nm) at a nominal resolution of 2 cm-1 in the range between 100 and 4000 cm-1. 2 
Repeated acquisition using the highest magnification was accumulated to improve the 3 
signal to noise ratio. Spectra were calibrated using the 520.5 cm-1 line of a silicon 4 
wafer. 5 
 6 
Infrared spectroscopy 7 
 8 
Infrared spectra were obtained using a Nicolet Nexus 870 FTIR spectrometer 9 
with a smart endurance single bounce diamond ATR cell. Spectra over the 4000-525 10 
cm-1 range were obtained by the co-addition of 128 scans with a resolution of 4 cm-1 11 
and a mirror velocity of 0.6329 m/s.  12 
 13 
Spectral manipulation such as baseline correction, smoothing and 14 
normalisation was performed using the GRAMS® software package (Galactic 15 
Industries Corporation, Salem, NH, USA). Band component analysis was undertaken 16 
using the Jandel ‘Peakfit’ software package, which enabled the type of fitting function 17 
to be selected and allows specific parameters to be fixed or varied accordingly. Band 18 
fitting was undertaken using a Lorentz- Gauss cross-product function with the 19 
minimum number of component bands used for the fitting process. The Lorentz- 20 
Gauss ratio was maintained at values greater than 0.7 and fitting was undertaken until 21 
reproducible results were obtained with squared correlations of r2 greater than 0.995. 22 
Results and discussion 23 
 24 
X-ray diffraction 25 
 26 
The X-ray diffraction patterns of the synthesised hydrotalcite and the standard 27 
reference pattern (01-089-0460 Hydrotalcite, Syn) are shown in Figure 1. The XRD 28 
patterns obtained for the synthesised products exhibit the same characteristic lines as 29 
the hydrotalcite reference pattern, therefore confirming the formation of hydrotalcite. 30 
The d(003) spacing values obtained for the synthesised hydrotalcites are 7.84, 7.87, and 31 
7.88 Å, Syn-HT-CO3, Syn-HT-CO3, V, and Syn-HT-V respectively, which agree with 32 
the literature value of 7.9 Å 5.  The d(003) spacing value represents the distance 33 
between hydrotalcite layers, and therefore changes in this value indicate the effect of 34 
anions on the hydrotalcite structure. The presence of vanadate anions resulted in an 35 
increase in the basal spacing, compared to Syn-HT-CO3, suggesting that vanadate 36 
anions are slightly larger in size. The hydrotalcite peaks are broad due to the lack of 37 
hydrothermal treatment, and indicates that the synthesised minerals are of poor 38 
crystallinity. The XRD patterns indicate sodium chloride (NaCl) formed as an 39 
impurity in Syn-HT-CO3 and Syn-HT-CO3,V. Additional washing of the hydrotalcite 40 
would remove the presence of NaCl from the surface of the hydrotalcite. The presence 41 
of NaCl does not have appeared to have affected the results obtained by infrared or 42 
Raman spectroscopy.  43 
 44 
 45 
Hydroxyl Stretching Region 46 
 47 
The three hydrotalcites of the formula Mg6Al2(OH)16(CO3)2-,(VO4)3-.4H2O,  with 48 
variations in anion composition, the vibrational spectra of these hydrotalcites will 49 
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exhibit both the stretching bands of water and hydroxyl units. Water hydroxyl-1 
stretching vibrations are intense in infrared spectroscopy because of the large change 2 
in dipole moment. However, water has a very weak Raman scatterer and the ν(OH) 3 
modes are not as intense in a Raman spectrum compared with that in an infrared 4 
spectrum. Therefore, the comparison of the two techniques will enable the 5 
identification of the bands associated with water and those associated with hydroxyl 6 
stretching vibrations. The infrared spectra of the synthesised hydroxyl stretching 7 
region are shown in Figure 2.  8 
 9 
All spectra show a broad, intense band centred at approximately 3400 cm-1, due to 10 
the stretching modes of hydroxyl groups in the LDH layers and water molecules. The 11 
broadness of this absorption indicates that these species are hydrogen bonded 19. The 12 
synthesised hydrotalcites are represented by the following formulas: 13 
Mg6Al2(OH)16(CO3).4H2O, Mg6Al2(OH)16(CO3)2-,(VO4)3-.4H2O, and 14 
Mg6Al2(OH)16(VO4)3-.4H2O, the first being Syn-HT-CO3, the second Syn-HT-CO3, 15 
VO4 , and the third being Syn-HT-VO4.  16 
 17 
For Syn-HT-CO3 five infrared hydroxyl-stretching bands are observed at around 18 
2835, 3070, 3354, 3484, and 3602 cm-1. For Syn-HT-CO3, V five bands are observed 19 
at 2773, 3094, 3339, 3475, and 3603 cm-1. For Syn-HT-V four bands are observed at 20 
3057, 3282, 3455, and 3600 cm-1. The assignment of the bands is difficult because of 21 
the initial complex band profile and the overlap of bands. The bands at lower 22 
wavenumbers, 3070, 3094 and 3057 cm-1 for Syn-HT-CO3, Syn-HT-CO3, V, and Syn-23 
HT-V respectively, are attributed to strongly hydrogen bonded water molecules to 24 
interlayer anions carbonate and vanadate. The two carbonate containing hydrotalcites, 25 
Syn-HT-CO3 and Syn-HT-CO3, V, show an additional band at 2835 and 2773 cm-1 26 
respectively, which may be due to strong hydrogen bonds being formed between the 27 
carbonate anion and water. The bands at 3354, 3339, and 3282 cm-1, Syn-HT-CO3, 28 
Syn-HT-CO3, V, and Syn-HT-V respectively, are due to water in a highly structured 29 
environment between the hydrotalcite layers. These bands are attributed to water 30 
coordinated to the M3OH units and the bands at 3484, 3475, and 3455 cm-1 to water 31 
between the hydrotalcite layers. These bands have been reported to be attributed to 32 
Al3OH stretching vibrations in previous studies 20,21. The position of the bands implies 33 
that the water in the hydrotalcite layers is highly structured. Bands around 3400 cm-1 34 
in Raman spectrum are attributed to water hydrogen bonded to M3OH units (where M 35 
might be Mg or Al and any combinational permutation of these metals). 36 
 37 
The overall spectral profiles are different between the infrared and the Raman 38 
spectra, Figure 3.  The Raman spectra do not appear to be as broad and appear to 39 
maximise around 3550 cm-1. In the Raman spectra the low wavenumber hydroxyl-40 
stretching band around 3070 cm-1 is only present in Syn-HT-V; however this band is 41 
not expected to be observed in any of spectra since water in Raman spectroscopy is a 42 
weak scatterer. The bands, which appear at 3273, 3240, and 3233 cm-1, for Syn-HT-43 
CO3, Syn-HT-CO3, V, and Syn-HT-V respectively, are attributed to the hydroxyl 44 
stretching unit of water, which co-ordinates the cationic hydroxyl surface of the 45 
hydrotalcite. The bands at 3415, 3399, and 3388 cm-1 are assigned to water hydrogen 46 
bonded to other water molecules in the hydrotalcite interlayer space. The bands 47 
centred at approximately 3520 cm-1 are attributed to Al2OH stretching vibrations. The 48 
bands above and around 3650 cm-1 are attributed to Mg3OH. 49 
 50 
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Carbonate vibrations 1 
 2 
The structure of hydrotalcite depends on the balance of the positive surface charge 3 
on the cationic hydroxyl surfaces by the negative charges of the anions, in this case 4 
carbonate or carbonate/vanadate mixtures or vanadate. Hence double layer hydroxides 5 
are termed anionic clays. The unperturbed carbonate ion is a planar triangle with point 6 
symmetry D3h. Group theoretical analysis of the carbonate ion predicts four normal 7 
modes; the ν1 symmetric stretch of A1 symmetry normally observed at 1063 cm-1, the 8 
antisymmetric stretch of E’ symmetry observed at 1415 cm-1, the ν2 out of plane bend 9 
at 879 cm-1 and the in-plane bend at 680 cm-1. All modes are both Raman and infrared 10 
active except for the ν2 mode, which is IR active only.   11 
 12 
The infrared spectra of the (CO3)2- antisymmetric stretching region are given in 13 
Figure 4. Three bands are observed around, 1362, 1388, and 1490 cm-1, for all the 14 
hydrotalcites synthesised.  One possible interpretation is that these bands are 15 
attributed to the carbonate anion in different environments. Three environments are 16 
possible (a) free carbonate anion, (b) water hydrogen bonded carbonate anion and (c) 17 
hydrotalcite surface hydroxyl bonded carbonate anion. Bands at 1490, 1491, and 1484 18 
cm-1, Syn-HT-CO3, Syn-HT-CO3, V, and Syn-HT-V respectively, are attributed to the 19 
free carbonate anion or carbonate adsorbed on the external surfaces of the layers. The 20 
bands for the three hydrotalcites at 1383, 1388, and 1389 cm-1 are assigned to 21 
carbonate bonded to water in the hydrotalcite interlayer, while the bands at 1362 cm-1 22 
are assigned to carbonate bonded to the hydroxyl surface of the hydrotalcite. 23 
 24 
The Raman spectra of the synthesised hydrotalcite in the 1250-650 cm-1 region are 25 
shown in Figure 5. This figure gives a clear representation of the amount of carbonate 26 
that enters the system through external sources during a 3 hour synthesis period. Syn-27 
HT-V was synthesised in the absence of carbonate, and therefore it was not surprising 28 
that the intensity of this peak was small in comparison to the other synthesised 29 
hydrotalcites. All three hydrotalcites show the typical sharp band of the ν1 symmetric 30 
stretching mode of the carbonate anion at 1060 cm-1. This band is suggested to be 31 
associated with the Mg3OH unit. Absence of the ν1 symmetric stretch in the infrared 32 
spectrum suggests that the carbonate anion is unperturbed. The Raman band around 33 
1080 cm-1 is believed to be attributed to the hydroxyl deformation modes of 34 
aluminium Al3OH 20. The presence of this band suggests that the carbonate is not 35 
bonded to any of the cations and is free from cations. Syn-HT-CO3 displays four 36 
bands in the Raman spectrum and are attributed to (a) carbonate hydrogen bonded to 37 
water in the interlayer (b) carbonate hydrogen bonded to the hydrotalcite hydroxyl 38 
surface and (c) free carbonate anions. The infrared spectrum at lower wavenumbers 39 
displays the ν2 out of plane bending of carbonate at around 860 cm-1 and the in-plane 40 
bend at around 630 cm-1. The presence of these bands suggests that the carbonate 41 
anions are distorted. 42 
 43 
Water OH deformation vibrations 44 
 45 
Minerals and synthetic hydrotalcites containing physically adsorbed water give 46 
strong infrared hydroxyl stretching bands around 3450 cm-1, and the water 47 
deformation mode around 1640 cm-1. Water deformation modes are observed at 1646, 48 
1644, and 1636 cm-1 for Syn-HT-CO3, Syn-HT-CO3, V, and Syn-HT-V respectively, 49 
Figure 4. The positions of these bands are influenced by the amount of absorbed 50 
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water, the mineral type and the exchangeable cation to which the water are bonded. 1 
This study was concerned with liquid water, and therefore bands at 3455 and 1645 2 
cm-1 were expected. This was observed. The water bending vibration mode for Syn-3 
HT-CO3 and Syn-HT-CO3, V appeared at higher wavenumbers than for Syn-HT-V. 4 
As the carbonate content in the LDH decreased, the band position moved to lower 5 
wavenumbers. The bands that occur at wavenumbers around 1645 cm-1 are indicative 6 
of water which is strongly hydrogen bonded. Such water molecules may be hydrogen 7 
bonded to the cationic hydroxyl surface or to adjacent water molecules. The 8 
observation of bands in this region suggests that the water is highly structured. 9 
Therefore, the water molecules are in well defined positions in the interlayer of the 10 
hydrotalcites. The band at 1636 cm-1 for Syn-HT-V suggests that the water molecules 11 
are not as tightly bound as a result of a lower carbonate concentration.  12 
 13 
Cation OH deformation vibrations  14 
 15 
The infrared spectra of selected minerals containing pentavalent vanadium have 16 
been published by Farmer 22. There are four vibrations for (VO4)3-, namely the A1 17 
symmetric stretching mode observed at around 824 cm -1, the E bending mode in the 18 
region between 305 and 345 cm-1, the F2 antisymmetric stretching mode between 780 19 
and 855 cm-1, and the F2 bending mode between 340 and 345 cm-1. The F2 modes are 20 
both Raman and infrared active, whereas the A1 and E modes are Raman active only. 21 
 22 
V-O bonds have been reported to appear in the region between 800 and 1000cm-1 23 
13,23-25. The Raman spectra of the V-O bond region are shown in Figure 5. The 24 
absence of a peak in Syn-HT-CO3 indicates that the bands in this region are a result of 25 
vanadate anions. The vanadate bands in the 950-800 cm-1 region appears more intense 26 
than the carbonate band (around 1060 cm-1) for Syn-HT-CO3, V. Four bands are 27 
observed for Syn-HT-CO3, V at 822, 885, 912, and 933 cm-1. Syn-HT-V displayed 28 
four bands at 815, 881, 909, and 924 cm-1. One possible assignment is to attribute the 29 
bands in the 1000-900 cm -1 region to V-O symmetric stretching modes. Bands at 822 30 
and 815 cm-1, Syn-HT-CO3, V and Syn-HT-V respectively, are attributed to the A1 31 
stretching modes of (VO4)3-. The E bending mode of (VO4)3- in the Raman spectrum 32 
can only be seen in Syn-HT-V at 317 cm-1.  The bands at around 340 cm-1 are 33 
attributed to the F2 bending modes. Bands at higher wavenumbers are also attributed 34 
to the (VO4)3- bending modes. The F2 antisymmetric stretching modes for both the 35 
vanadate containing hydrotalcites are observed at around 885 cm-1, which have higher 36 
wavenumbers then observed bands by Farmer22.   The F2 modes can not be seen in the 37 
infrared spectrum due to the broad bands present in this region due to the carbonate ν2 38 
out of plane bend around 860 cm-1.  39 
 40 
Figure 6 shows the Raman spectra of the hydrotalcites in the 600-100 cm-1 region. 41 
The three spectra show two bands around 470 and 549 cm-1, which are attributed to 42 
the Mg-O and Al-O symmetric stretching vibrations. This assignment was based on 43 
the intensities of the bands being the same, representing the same Mg:Al ratio of the 44 
three hydrotalcites, as well as the same bands appear in all three hydrotalcites. Three 45 
bands are observed around 340, 360, and 380 cm-1 in the hydrotalcites containing 46 
vanadate anions only, and are assigned to the (VO4)3- bending modes. Raman spectra 47 
in the lower wavenumber region, below 250 cm-1, are complex and consist of 48 
overlapping bands. These bands are attributed to MO bonds, lattice vibrations and 49 
hydrogen bonds. A broad band at around 220 cm-1 appears only in the vanadate 50 
Deleted: Figure 5
 8
containing hydrotalcites and therefore is possibly due to the ν4 bending mode of the 1 
vanadate anion. 2 
 3 
The hydrotalcites were synthesised at high pH, 9.5 to 12, and therefore vanadate 4 
would be present in solution as pyrovanadate anions like VO3(OH)2-, HV2O73-, and 5 
V2O74- 6,13,24,25. Pure VO43- would also be present at these high pHs, as reported by 6 
Rives et al.,6. The presence of bands in the Raman spectrum, Figure 5 and 6, around 7 
340, 820, and 915 cm-1 suggest that the vanadate anions are present as VO34-, HV2O73-8 
, and (VO3)nx- and not V2O74- ions6.  9 
Conclusions 10 
The characterisation of hydrotalcite with vanadate and carbonate incorporated into its 11 
interlayer is essential for the understanding of the mechanisms involved in 12 
intercalation.  Infrared and Raman techniques allowed for an insight into the structure 13 
of the synthesised hydrotalcites and the identification of intercalation properties of 14 
vanadate and carbonate.  Insight into the structure of hydrotalcites has been obtained 15 
using a combination of infrared and Raman spectroscopy. The hydroxyl-stretching 16 
units of MgOH and AlOH are identified by unique band positions. Water plays a 17 
unique role in the stabilisation of the hydrotalcite structure. Hydrotalcites are layered 18 
anionic clays, where the positive layer charge is balanced by the incorporation of 19 
anions and water in the interlayer. This neutralisation of the layer charge by the anions 20 
and water makes the hydrotalcite structure stable. The position and intensity of the 21 
vibrational spectroscopic bands in the hydroxyl-stretching region indicates that the 22 
water is highly structured. The position of the bands in the hydroxyl deformation 23 
region of the infrared spectrum supports the concept of structured water between the 24 
hydrotalcite layers. Three types of carbonate are identified (a) carbonate hydrogen 25 
bonded to water in the interlayer (b) carbonate hydrogen bonded to the hydrotalcite 26 
hydroxyl surface and (c) free carbonate anions. Vanadate anions were identified by 27 
Raman microscopy by the four vibrational modes of (VO4)3- (a) V-O symmetric 28 
stretching modes in the 1000-900 cm -1 region (b) the A1 stretching mode of  (VO4)3- 29 
at 824 cm-1 (c) and the F2 out of plane and in-plane bending modes around the 400-30 
300 cm-1 region.  The presence of bands 340, 820, and 915 cm-1 agrees with the 31 
results obtained by Rives, and suggests that the vanadate anions are present as (VO4)3- 32 
, HV2O73-, and (VO3)nx- and not as V2O74- ions. 33 
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